We investigated the cost of first-time breeding in a population of Lesser Snow Geese (Anser caerulescens caerulescens) nesting at La Perouse Bay, Manitoba, Canada. We estimated local survival and capture probabilities of female geese by capture-recapture analysis. We first found that birds were less likely to be recaptured one year after their first successful breeding than on later occasions. Since only successfully nesting birds are captured, this suggests that first-time breeding affects the ability of nesting the next year. We then show that this effect of first breeding is much more severe for birds nesting at age 2 (the youngest age at which Lesser Snow Geese can breed) than for birds starting to breed at an older age. Finally, we compare the mean expected lifetime reproductive success for birds breeding for the first time as two-year-olds or as three-year-olds, conditionally on their survival until age 4. On average, birds first nesting as two-year-olds produce similar numbers of offspring in a lifetime as birds starting at age 3.
time reproductive success among female Sparrowhawks (Accipiter nisus) that had bred for the first time at one, two, or three years of age. He reasoned that, because of the risk of mortality, it is advantageous for the birds to begin reproduction as early in life as possible, even if breeding performance in the early years is poor. He attributed variation in age of first reproduction to variation in quality among individuals, such that only good-quality birds would be able to breed at the youngest ages. He concluded that delayed maturation was a result of environmental conditions (the "constraint" hypothesis) rather than of life-history trade-offs (the "restraint" hypothesis; Curio 1983). However, the lifetime-reproductive-success calculations used by Newton (1988) We address here the question of variability in age of first breeding in a species that has delayed maturation. Cooke and Rockwell (1988) showed that in the population of Lesser Snow Geese (Anser caerulescens caerulescens ) nesting at La Perouse Bay, Manitoba, no one-year-olds, about 50% of two-year-olds, and about 86% of three-year-olds bred. Some birds delay breeding until at least four years of age.
We examine the consequences of first-time breeding on both local survival and future reproductive success. We pose three questions: (1) Do Lesser Snow Geese have lower local survival and/or breeding success in the year following their first breeding year than after later breeding occasions? (2) If there is greater cost to first breeding than to later breeding, does this vary with the age of first breeding? (3) For the youngest birds, do those that breed incur a greater cost in terms of later breeding than those that do not breed? We then are able more accurately to discriminate between the restraint and the constraint hypotheses. We roughly calculate the overall fitness consequences of first breeding at two versus three years of age in order to ascertain which, if either, is the more productive tactic. Banding drives are carried out annually in the traditional brood-rearing areas around La Perouse Bay using the mass-banding techniques described by Cooke (1987) . Birds are usually banded around the end of July or early August, when adults are completing their annual remigiat molt and young birds are around 35 days of age and close to fiedging. All birds are banded with a Monet Canadian Wildlife Service band and an individually identifiable color band. Rarely, birds banded as young are caught as nonbreeding yearlings. These records were removed from the capture-mark-recapture data in our study since we are concerned with the breeding history of the individuals. Earlier work has shown that, with rare exceptions, adults caught in the banding drives are breeding adults, successful at least to the time at which goslings leave the nest. Nonbreeders, prebreeders, and failed breeders leave the area during the period of hatch and molt at least 100 km to the north (Abraham 1980). Therefore, we can assume that, for any given year, the differences in capture rates of birds of different categories reflect differences in the probabilities of breeding among these categories.
METHODS

Data
Modeling capture-mark-recapture data.--Data were organized into capture-history arrays (Burnham et al. 1987). Since we were interested only in the adult lives of these birds banded as goslings, we modified the capture-history arrays by discounting the first capture (as goslings; Ctobert et at. 1994). Thus, our data consist entirely of capture histories of female recruits of known age. In addition, these data can be split into subsets, according to the age at which the birds were first recaptured as breeding adults. This is not necessarily the age of first breeding, since only about 25% of birds are recaptured annually, and a bird may have evaded recapture prior to the first occasion when we record its breeding.
These data were then analysed using programs RE-LEASE and SURGE, which enabled us to test the goodness-of-fit of a global model involving both a time effect (t) and a "first-breeding" effect (F) on survival and recapture rates. The time effect assumes that these rates may vary across years, and the first-breeding effect assumes that survival and recapture rates of birds that have been caught for the first time the preceding year differ from those of birds that had been seen before the preceding year. Therefore, there are two classes of parameters to estimate under this model: (1) those (survival and capture) concerning the year following the first breeding; and (2) those concerning all subsequent recapture occasions. This global model is noted (4•t.F, pt.F), using the notation proposed by Lebreton et al. (1992) for capture-markrecapture models; 4• represents the survival tates, p the recapture rates, F the first-breeding effect, and t the annual variation. The goodness-of-fit test for this global model was not immediately provided by any software; therefore, the original way in which we used RELEASE and SURGE for this study is described in the Appendix.
Simpler models were then fitted with the SURGE program, which calculated for each of them the de- For this study we used a modified version of the SURGE program, which allowed us to calculate directly the relative proportions of captured birds of each class (second-time breeders or experienced birds) using a logarithmic link function. We first fitted these models to the whole data set of female recruits. Next we subdivided the data into two parts, one containing only birds recaptured for the first time as two-yearold breeders, and the rest. The former must have been first-time breeders, but the latter contain first-time breeders, as well as birds that may have escaped detection prior to their first detected recapture. We performed the analyses separately on these two subsets. Finally, we examined birds first recaptured as threeyear-olds. As we show later, most three-year-olds in our sample are also first-time breeders. 
Lifetime
where n(x) is the average number of fledgings produced by an x-year-old bird (calculated from data of Rockwell et al. 1993), and Pr(By/Bx) is the probability for a bird to breed successfully at age y, knowing that it bred successfully for the first time at age x. In the calculation of n(x), we did not take account of birds abandoning the nest before hatching, since we know that these are not captured. According to assumption 4, we assume that Pr(B4/B2) is 1.
Similarly, for birds nesting successfully for the first time as three-year-olds, we obtain: N(3) = n(3) + Pr(B4/B3).n(4).
( The annual variation in recapture rates reflects mainly the annual variation in the effort expended on the banding drives each year. The first-breeding effect is the more interesting biologically; it shows that birds breeding for the first time are 22.8% (95% confidence interval 13.3-31.3%) less likely to be recaptured in the following year than on later attempts. Although other interpretations are possible (see Discussion), we interpret this lower recapture rate as evidence of a lower probability of breeding successfully the year after the first observed successful breeding.
For birds having bred for the first time as twoyear-olds, the preferred model also was (½, Pt+r). These birds have a recapture probability in the year after first nesting 45.2% (95% confidence interval 30.2-56.9%) lower than on subsequent occasions (Fig. 2) . The analysis of the subset containing birds recaptured for the first time at an older age also lead to the model (½, P,+r), but these birds showed a much lower reduction in recapture probability (ca. 15.6%; 95% confidence interval 3.6-26.1%; Fig. 3 ). There were no differences in local survival probabilities either between the first and later recaptures of each group, or between groups.
As for the birds recaptured for the first time as three-year-olds, we can roughly estimate how many of them were actually first-time breeders. Of 870 birds caught as three-year-olds, only 78 had been caught the year before (as two-yearold breeders). Knowing that the overall capture probability in this population is about 0.237 (95% confidence interval 0.221-0.253), we can assume that these 78 birds represent about 23.7% of the actual number of birds having bred at age 2 among the birds captured at age 3. Thus, we expect that 78/0.237, or about 329 birds of the total three-year-olds had bred successfully as two-year-olds. From this we calculate that about 870 -329 = 541 of the 792 birds first captured breeding on three-year-olds is much less than the effect on two-year-olds. This conclusion leads to the question whether this cost is an effect of age per se rather than an effect of breeding. We now examine whether it is more costly in terms of future reproductive success for a two-year-old bird to breed suc-cessfully than not to breed successfully. If there was an equal cost of nonbreeding than of breeding at age 2, we would expect 54.8% (95% confidence interval 43 (N(2),N(3) ) is 0.80. This difference is not significant (Wald test, P • 0.256) . Because of their reduced probability of nesting successfully the next year, birds that start breeding as two-year-olds do not have a significantly higher expected production of goslings than birds that start breeding as three-year-olds. We found that birds seen breeding for the first time are less likely to be recaptured one year later than those seen breeding on a second or subsequent occasion. A lower recapture frequency of first-time detected breeders probably reflects temporary emigration rather than some type of temporary trap shyness. As mentioned above, the banding drives catch overwhelmingly birds that have bred successfully (Cooke and Rockwell 1988). Thus, the most likely reason for temporary noncatchability is either because birds do not breed or because they fail early in the nesting attempt. An alternative suggestion is that birds may nest successfully, but be more likely to move to a more remote broodrearing area after the first nesting occasion. This could occur, for example, if young birds were more likely to change nest sites and, as a result, be closer to different brood rearing areas. Yet, it seems unlikely that they subsequently would return to the initial brood-rearing area when they age. If young birds were less philopatric, we would expect it to be reflected in permanent not temporary emigration. The former would be confounded in the models with survival rather than recapture.
Therefore, our data strongly suggest that birds are less likely to reproduce successfully in the year following their first successful breeding. This reflects a considerable cost to reproduction and no doubt influences the lifetime reproductive success. On average, first-time detected breeders have a 77% probability of being recaptured the next year, relative to later breeders. This value is almost certainly an overestimate since we do not necessarily capture a bird on its first successful nesting occasion and some of the The most interesting finding from our analyses is that the reduction in the recapture rate after first-time successful breeding is highly influenced by the age at which birds breed successfully for the first time. In our sample of successful two-year-old first-time breeders, the probability of being recaptured the next year is only 55% of that of their subsequent breeding attempts, and this reduction is highly different from the reduction in recapture rates of older birds detected for the first time as successful breeders. The sample of two-year-olds contains no birds that could have nested in a previous year, since no yearling breeders have been discovered at the La Perouse Bay colony in 22 years of study.
Cooke and Rockwell (1988) found that most geese enter the breeding population as two-or three-year-olds. We have shown above that successful two-year-olds have a much lower chance of success in the following year, and the majority (ca. 68%) of the birds first detected as threeyear-old breeders in fact are breeding successfully for the first time. In this sample, we found no evidence for a reduction in recapture rate after the first encounter. We did, however, detect an effect of first-time breeding when we examined the much larger data set of all birds first recaptured at three years of age or older, suggesting that the lack of effect in three-yearolds may be partly a result of the smaller sample size; there are only 792 birds in this sample against 2,004 in the sample of three-year-old and older birds. Alternatively, there may be some heterogeneity in recapture rates when birds seen for the first time at relatively advanced ages are included. Despite this caveat, the consequences of first-time breeding are dramatically different depending on the age at which the bird enters the breeding population. Such a finding has important implications in terms of life-history theory. If the consequences of first-time breeding are independent of the age of first-time breeding, the highest lifetime reproductive success is expected to accrue to those birds that enter the breeding population at the earliest age. Such are the expectations of the constraint hypothesis, and most published data derived from long-term studies of birds are consistent with this hypothesis. Lifetime-reproductive-success calculations suggest that, because of the reduced probability of nesting successfully the following year, birds that start breeding at age 2 do not have a significantly higher expected production of goslings than birds that start at age 3. Due to risk of mortality between years' 2 and 3, it is probably still more advantageous for a bird to start breeding at age 2 rather than at age 3. The data, then, favor the constraint hypothesis over the restraint hypothesis, even though the advantages of nesting as a two-year-old are much less than was previously believed. This suggests that, if there were genetic variation in terms of the character "age of first breeding," selection would be directional for breeding earlier in life if resources were available. This leads to the idea that resources limit early nesting, and that only the highest-quality birds should nest as twoyear-olds, because of the risk of failure the next year. We imagine that the heritability of the character "age of first breeding" would be low and that most of the differences among birds would be nongenetic. Limitation of resources, or the ability of individuals to utilize them adequately, appears to be the main reason why delayed maturity occurs in Lesser Snow Geese. Associated with this gradual acquisition of breeding status are several other improvements in components of fitness during the first few years of life. Increased clutch size with age has been demonstrated in most species of birds in which the phenomenon has been investigated (Finney and Cooke 1978). Usually, this phenomenon has been described as a feature of the population, but Hamann and Cooke (1987) were able to show that the clutch sizes of individual Lesser Snow Geese increased with age up to age 4. Nest and brood survival also increase up to age 4 or 5 (Rockwell et al. 1993) . At the proximate level, these findings suggest that individuals become more efficient as breeders as they age, either through some physiological maturation or due to some learned process. Our findings illustrate the importance of measuring as many components of fitness under field conditions as possible. Experimental manipulations cannot compensate for this when the relative reproductive performances of different segments in the population are to be assessed. Most measures of lifetime reproductive success may be flawed if they fail to take into account more subtle interdependencies of fitness components, such as the one documented in this paper.
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